Introduction
This review focuses on robotics and other assistive technology used to treat and assist people with neuromuscular conditions such as muscular dystrophy (MD), spinal muscular atrophy (SMA), arthrogryposis multiplex congenita (AMC) and cerebral palsy (CP). These conditions render the extremities of these individuals' weak, uncontrolled, stiff or a combination thereof. People with these conditions resort to using compensatory movements such as ballistic -or swinging -movements, using tabletop assist, using both hands, or bending their head forward to get food directly from the plate. These movements, while effective, are inefficient and can be undignified. A parent or caregiver is sometimes asked to help in the feeding process or to assist in other activities of daily living, which can rob people of their independence. Robots, orthoses and other technology can provide the needed assistance to people with disabilities to live an independence and dignified life. Although robots can be mechanical, machine-like and impersonal in appearance and movement they can be of tremendous help also, if matched well with the person and their disability. The last 10-15 years have seen tremendous progress in rehabilitation robotics as technology shrinks and improves and personal machines become more acceptable. This paper describes the medical conditions that require this robotic intervention, the types of assistive technology being used by the therapists, and a review of rehabilitation robots and orthoses.
The use of assistive devices and assistive technology (AT) in environmental modification has been used in OT practice for many years [1, 2, 3] . This could include the use of low-tech devices such as swivel spoons and button hook devices, adaptive equipment such as self-feeding apparatus and overhead slings, and augmentative communication devices.
Neuromuscular Diseases and Presentation
Neuromuscular conditions present in two distinct motor patterns, a) those that initially present with proximal weakness while sparing fine motor muscles till later in the condition, and b) those that present with distal weakness first and are accompanied with a loss of position, kinesthetic, and proprioceptive awareness. The latter tend to affect fine motor control which makes simple tasks, like buttoning a shirt, arduous. The following neuromuscular conditions are considered in this chapter. People with MD and SMA often use a wheelchair as their primary mode of transportation and as such their activity is confined to the upper limbs. Muscular dystrophy includes Duchenne and Becker muscular dystrophy as the two most common forms of MD. Both are caused by a genetic failure to produce the protein dystrophin. Duchenne muscular dystrophy occurs in approximately one of every 3500 live male births [4] . Becker muscu lar dystrophy is much rarer than Duchenne MD. Spinal muscular atrophy is the name given to a group of inherited diseases also characterized by muscle wasting and weakness. It affects one in every 10,000 live births [5] . SMA, like MD, affects the larger muscles closer to the body rather than those at the extremities. As in other forms of neuromuscular disease, decreased movement of an extremity over time leads to contractures and a decrease in the range of motion (ROM).
CP is the most common orthopedic disorder affecting 2.5 to 5 per 1,000 live births [6] . There are approximately 500,000 people in the United States with cerebral palsy. It is caused by an injury to the immature brain during or shortly after birth. The type of motor involvement is variable and can include: spasticity, athetosis (movement disorder), and mixed (combination of both). Spasticity results from injury to the pyramidal (voluntary) motor system and is defined as an increased stretch reflex that causes muscle stiffness. Spasticity affects about 90% of the people with CP. Athetosis results from injury to the extrapyramidal motor system causing involuntary movements.
Both upper and lower extremities may be involved in CP, affecting mobility and manipulation. One third of children with CP walk but have significant functional limitations. The upper extremity is frequently involved and decreases the patient's ability to manipulate objects including activities of daily living, writing, drawing, feeding and accessing a computer.
AMC is a consequence of an intrauterine loss of movement which results in joint contractures. Most commonly it is the result of an intrauterine loss of anterior horn cells and in most cases a sparing of sensation and proprioception.
Assistive Technology Currently used in Therapy
Listed below are some of the more common assistive devices of which many are homemade and use relatively simple household items such as foam blocks and PVC piping. In many cases, the patient and/or family give the OT many good ideas for developing and passing on assistive devices for other families with similar functional challenges! Some of the more common types of adaptive equipment /assistive devices used are: Many of these items may be combined to suit the patient needs and may be fabricated by the innovative OT after careful analysis of functional deficits and patient goals.
Reducing the effects of gravity are exceptionally important concepts in development of therapy programs for the person with neuromuscular disorders. The reduction of gravity may facilitate function by allowing weakened muscles to contract to a fuller degree and allow for better joint excursion and function. The concept of gravitational grading could be considered to be remedial and/ or compensatory, depending upon the potential for recovery of each particular condition. There are several ways in which this could be accomplished: [9] . A limitation of the BFO is that it does not allow for shoulder flexion, shoulder abduction or shoulder scapular plane movement.
Rehabilitation Robotics and Orthotics
Robots were used in the better part of the 20th century in a manufacturing environment, such as automobile assembly. These were repetitive tasks that were labor intensive and required a high degree of accuracy. Towards the latter part of the century the possibility of robots interacting with humans was becoming a possibility. These included advanced prosthetics, motorized feeding devices, and sentry robots [10] .These devices were starting to augment or replace mobility and manipulation functions for humans. As WW II was a big driver of improvements in prosthetics technology, the advancement of technology-such as miniaturization of the microprocessor, became a driver for technology development for assistive devices. Another factor was the aging population due to the babyboom generation entering old age. The graying of the population is a world-wide phenomenon particularly in Japan where robotics technology in healthcare was more readily embraced than in many other developed countries.
Robots were first seen in research labs [11] as assistive devices to help people with paralysis of the upper extremity. Later wheelchair-mounted and fixed robots were developed and also commercial industrial robots were adapted for healthcare [12] . These were used for a diverse set of motor disabilities including neuromuscular diseases such as muscular dystrophy and spinal muscle atrophy. Although these devices had a profound effect on people with neuromuscular diseases, widespread commercial success was not seen. A number of factors are thought to contribute to this including weight, human-machine interface, and cost.
In contrast, the rehabilitation robotics field has shifted emphasis in the last 10-15 years towards therapy robots, and the prime beneficiary is the stroke population. This has been driven by the large number of people with stroke; science showing the ability of the brain to adapt through neuroplasticity even in the chronic stage [13] , and the need to contain healthcare costs. The last few years have seen more projects looking at cerebral palsy and robots [14, 15, 16] . The following sections are broken up into assistive robots, therapeutic robots and upper extremity orthoses, with an emphasis on devices that currently exist in the market and are used clinically and as consumer products.
Assistive Robots and Orthoses
This section describes the commercially available robots and orthoses including feeders.
A device that has been available for more than 20 years is the iARM (formerly known as the Manus). This is a 7-jointed robot arm that is wheelchair mounted and allows people with neuromuscular conditions to access their environment and perform a subset of tasks their natural arm would. The iARM allows someone to get a drink or feed themselves. It can be controlled by a joystick or keypad. It can be controlled in joint mode, programmed mode or Cartesian mode-which moves the gripper in an xyz configuration. The motors are powered by the wheelchair battery and the iARM sits alongside the wheelchair. The iARM [17] costs $20,000. The iARM is used by people with muscular dystrophy, spinal muscular dystrophy, spinal cord injury, cerebral palsy and many other motoric disabilities. There are approximately 400 iARM units in use worldwide.
Upper extremity exoskeletons are used for people who have some residual strength in their arms. This is often seen in people with neuromuscular disorders such as MD, SMA, arthrogryposis, as well as other motor disorders such as ALS and SCI. These exoskeletons are generally passive -meaning that they do not have external power such as motors. They are often attached to wheelchairs and are light weight. One such exoskeleton is the WREX (Wilmington Robotic EXoskeleton). The WREX is a mechanical linkage that can be attached to a wheelchair and is powered by elastic bands [18, 19] . The device moves alongside the arm and makes anti-gravity movements effortless. This is particularly useful for people with muscular dystro-phy and spinal muscular atrophy where weakness in larger proximal muscles is evident while distal muscles are less affected. The WREX allows them to navigate their hand in front of them and perform activities of daily living. The WREX comes in one size and can be adjusted to accommodate different sized individuals and the number of elastic bands can be changed depending on the weight of the individual. The WREX is sold through JAECO [20] and Patterson Medical. The cost is approximately $2,000.
The balanced forearm orthosis (BFO) or Ball bearing feeder is a mechanical linkage that hooks on to a wheelchair and allows people to move their arm in the horizontal plane. They are able to move their hand to their mouth by pivoting about a fulcrum at the midpoint of the forearm. There is also a version that allows elevation with an elastic band, however this is rarely used. The BFO was developed in the 1950s and is available through Patterson Medical for approximately $600.
The ARMON is available in Europe and is also a wheelchair mounted passive exoskeleton that allows the arm to move against gravity. It uses adjustable springs as the power source and is used for people with neuromuscular conditions such as muscular dystrophy and SMA. The ARMON has a different configuration to the WREX in that it is not a true exoskeleton as it originates from the base of the wheelchair. It allows a large range of gravity free motion. It costs about $3000 [17] .
Another commercially available device is called the DAS (Dynamic Arm Support) [17] . This is also a spring loaded upper extremity orthosis for people with arm weakness. It also attaches to a wheelchair and is available in Europe.
Feeders
Task-specific devices exist for feeding such as the Winsford feeder -sold through Patterson Medical for approximately $3800. This is a motorized device intended for people without available arm function. They activate a chin switch, which sends a signal to scoop up food off a mechanized plate and present it to the user. The Neater Eater (Neater Solutions, Buxton, UK) is a table mounted feeding device that comes in two versions. The first is a motorized feeding arm that can be controlled by a user with little arm function and retails for about $4000. It is attached to a tabletop and can be controlled by a foot switch. A manual version is also attached to a tabletop and is for someone with some arm movement which may be erratic or tremulous. The arm has a built-in damper that filters out unwanted movement.
Assistive Orthotics Research
A cable-driven upper extremity orthosis is being developed at the University of Delaware [21] . The goals are to develop a motorized light weight device that manipulates the arm through cables. A.I. duPont hospital for Children/Nemours is developing a power-assisted UE assistive orthosis to help people with neuromuscular disabilities. A powered device is required if the individual is profoundly weak and retains minimal strength and sensation [22] . Also if they wish to pick up an item, a passive device would not be sufficient. The Scuola Superiore Sant' Anna in Pisa Italy is conducting research in many aspects of rehabilitation robotics for the upper extremity [23] .
Therapy Robots
In the last few years a number of therapy robots have become commercially available primarily geared towards the stroke population. The MIT Manus is amongst the earliest of the upper extremity therapy robots. It is a multi-degree of freedom impedance-controlled device. It is capable of moving the user's arm to specific locations or provides partial assist in moving their arm. It has a video monitor and guides the user to locations visually. It has been shown to be as good as manual therapy after a period of exercise [24] . The MIT Manus is sold through Interactive Motion Technologies, Cambridge MA. It is ideal for repetitive delivery of UE therapy in an automated and measurable manner. Another similar device is the Motorika Reo. It is also an UE motorized device that takes a paretic arm through an exercise regimen controlled by a computer screen. The device is available through Motorika Medical Ltd, Caesarea, Israel.
Hocoma AG, Switzerland makes a suite of upper extremity therapy devices. Two of these are the ArmeoSpring and the ArmeoPower. The former is an offshoot of the WREX described earlier and uses springs to counter gravity. It is connected to a computer screen to provide an interactive environment for therapy. Hocoma has sold approximately 250 of these units to date. The newer ArmeoPower is a motorized upper extremity exoskeleton that allows early rehabilitation of motor disorders such as stroke, TBI and other neurological disorders. It is based on the ARMIN technology developed at ETH Zurich [25] . The ArmeoPower provides assistance as needed and adapts to the patient's capabilities. There are a host of commercially available lower extremity devices available. These are used for repetitive, body-weight supported movement. Some operate by propelling the legs through the gait cycle. The Locomat by Hocoma AG is perhaps the most prominent among these devices. It is a multidegree-of-freedom robotic device that is treadmillbased. It includes a partial weight-bearing feature [26] . Over 500 Locomat devices are currently in use worldwide.
Motorika offers the ReoAmbulator which integrates body weight supported treadmill therapy and a robotic device similar to the Locomat to promote neural recovery. An interactive display provides feedback and multiple scene modes to increase motivation. Kineassist [27] is an overground mobile base that provides body-weight supported treadmill training in a rehabilitation setting for assistive therapeutic exercises and gait training. It consists of various modes that allow patients to relearn movements and postures by providing a stable and assistive environment to provide overground walking. ZeroG is a new overground body weight supported system that utilizes a roofmounted rail system [28] to provide gait, posture and balance activities. It allows patients to walk on flat terrain or stairs. ZeroG is available through Aretech LLC. Rewalk (Argo medical technologies) is a powered exoskeleton that assists people with walking impairments. It is a motorized device that straps on to the legs and assists in hip and knee flexion. Movement of the legs is initiated by tilting the torso back and forth. Currently the Rewalk is undergoing clinical trials at various therapy centers and hospitals. It requires crutches or a walker to insure balance during gait. Ekso Bionics has developed a device called elegs that offers a powered exoskeleton that propels the legs during gait, similar to the Rewalk. The device is currently undergoing clinical trials in various rehabilitation institutes in the U.S. The projected price of the elegs is approximately $100,000.
